

























































































図２ Skylab 宇宙飛行による尿中 Dpd の変化（％増加率）
（Smith SM et al：JCEM ８３：３５８７，１９９８）
図３ １２０日間の地上臥床実験による PICP の変化（％）



























































は in vitro の骨髄細胞培養系で周期的な細胞伸展負荷が
破骨細胞分化誘導因子 RANKL の発現低下に伴って破
骨細胞形成を抑制することを報告している９）。さらに
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Bone metabolic changes and osteoporosis caused by microgravity and mechanical
unloading
Daisuke Inoue
Department of Medicine and Bioregulatory Sciences, The University of Tokushima Graduate School of Medicine, Tokushima,
Japan
SUMMARY
Mechanical unloading causes rapid and severe bone loss in astronauts subjected to
microgravity or bed-ridden patients, which is designated as immobilization osteoporosis.
Metabolic changes in unloaded bone are characterized by “uncoupling” which involves both
enhanced bone resorption and impaired bone formation. Although it has long been well
recognized and extensively studied, the pathophysiology of immobilization osteoporosis is
not yet fully understood.
This overview will focus on our recent understanding of the pathophysiology of immobi-
lization osteoporosis and the mechanism by which mechanical loading affects bone metabo-
lism. Finally, the current therapeutic approaches including anti-resorptive bisphosphonates
as well as future aspects in the treatment of immobilization osteoporosis will be discussed.
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